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Effect of ultrasonic frequency on the inactivation of yeast
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1. Introduction

Bubbles form repeatedly and vibrate in
liquid during ultrasonic irradiation in a process
known as ultrasonic cavitation.'” Cavitation
bubbles are caused by the physical effect of
expansion and contraction, through shock waves,
micro-jets, shear fields, and density changes, and by
chemical  effects arising from localized
high-temperature and high-pressure fields forming
OH radicals and H,0O,. These effects are inactivated
by many types microorganisms;® however, the
mechanisms have not been identified. In this work,
we investigated the inactivation mechanism by
examining the effects of six ultrasound frequencies
on two species of yeast.

2. Materials and methods

The yeasts Saccharomyces cerevisiae
NBRC 1346 and NBRC 2043 were grown in yeast
mold medium (glucose, 10 g; peptone, 5 g; yeast
extract, 3 g; malt extract, 3 g; distilled water, 1 L)
for a total of 21 h at 30 °C. In all experiments, prior
to sonication the concentration of yeast cells was
adjusted to about 10° cellssmL with a UV
spectrometer (UV-1800, Shimadzu). Figure 1
shows the experimental sonication apparatus. A 20
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Fig. 1 Schematic of the reactors for ultrasonic

irradiation at 20 kHz (A) and 0.4, 1.0, 2.3, 3.4,
and 4.4 MHz (B).
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kHz ultrasonicator was used (VC 750, Sonics &
Inc.). A disk-type PZT
transducer in a stainless steel cylinder was used at
frequencies of 400 kHz, and 1.0, 2.3, 3.4, and 4.4
MHz. The system was operated for up to 15 min

Materials ceramic

with a cooling system to maintain the temperature
at 19-21 °C. Experiments were performed at an
acoustic power of 10 W in duplicate. Samples were
taken after 0, 3, 6, 9, 12, and 15 min of sonication
and the yeast cells were examined by colony
counting, cell counting, and turbidimetry.

3. Results and discussion

Figure 2 shows the colony counting, cell
counting, and turbidimetry of yeast suspensions
after 9 min sonication. The highest inactivation was
achieved at 2.3-3.4 MHz for both yeast species.
Figure 3 shows the formation of chemical species
as a function of frequency.” The amount of
chemical species reached a maximum at 400 kHz
and a minimum at 2.3-3.4 MHz. This was because
the S. cerevisiae cells were destroyed by the
physical effect of the ultrasonic cavitation. The
oscillation of cells during ultrasonication was
studied by Zinin and co-workers.*” They obtained

the natural frequency of f, =~1/27 K, (pa’)

(K4: the surface area modulus; p: the density; a: the
radius of the cell). S. cerevisiae NBRC 1346 and
NBRC 2043 have mean radii of 2.3 and 1.7 um and
elastic moduli of 105 and 144 MPa, respectively.
These were measured by scanning probe
microscopy (SPM-9700, Shimadzu). For most plant
cells, the thickness is approximately 1% of the size
of the cell, and Poisson's ratio and density were
assumed to be the same as for water. Table I shows
the natural frequency of NBRC 1346 and NBRC
2043 calculated with the equation. The natural
frequency of S. cerevisiae was on the order of
several megahertz, consistent with the experimental
results. Table II shows the natural frequency of S.
cerevisiae calculated by the finite element
method,lo and the results showed a similar trend to
those obtained by the equation. Therefore, S.



cerevisiae was inactivated by the mechanical
resonance of the cell wall caused by the bubbles.
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Fig. 2 Inactivation and cell reduction of S.
cerevisiae (105 mL) as a function of frequency
during ultrasonication (9 min, 10 W).
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Fig. 3 Frequency dependence of sonochemical
effect in 0.1 M KI solution.

Table I Natural frequency of 1% and 5% for
the cells calculated with the natural frequency

equation.
Cell Natural Natural
type frequency of 1%  frequency of 5%
NBRC 1346 2.3 MHz 5.1 MHz
NBRC 2043 3.7 MHz 8.2 MHz

Table II Natural frequency of 1% and 5% for
the cells calculated by the finite element
method.
Cell
type
NBRC 1346

Natural
frequency of 5%

Natural
frequency of 1%

0.9 MHz 0.9 MHz

NBRC 2043 1.2 MHz 1.3 MHz
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